The NW part of Iran belongs to the Iranian plateau that is a tectonically active region within the Alpine-Himalayan orogenic belt. The intrusion of Oligocene parts in various faces caused the alteration and mineralization such as copper, molybdenum, gold and iron in the Siyahrood area. Granitoidic rocks with component of Granodiorite to alkali have been influenced by hydrothermal fluids. Alteration zones are important features for the exploration of deposits and the ASTER sensor is able to identify the type of alteration and its alteration zoning. This method can be a useful tool for detecting potential mineralization area in East Azarbaijan-Northwest of Iran. The purpose of this study is to evaluate ASTER data for mapping altered minerals in Siyahrood area in order to detect the potential mineralized areas. In this study, false color composite, and band ratio techniques were applied on ASTER data and argillic, phyllic, Iron oxide and propylitic alteration zones were separated. ASAR image processing has been used for lineaments and faults identified by the aid of directional filter. The structural study focused on fracture zones and their characteristics including strike, length, and relationship with alteration zones. The results of this study demonstrate the usefulness of remote sensing methods and ASTER multi-spectral data for alteration, and ASAR data are useful for lineament mapping.
Introduction
The study of mineralization related alteration zones using remote sensing is focused on the alteration minerals and the fracture patterns of the Siyahrood area in northwest Iran. The term "Lineament" is a commonly used term in geological remote sensing. There are several definitions for linear features. The classification of lineaments and its direction and length can be easily demarcated using satellite images. The automatic lineament extraction in this paper is performed by the directional filter of ENVI software.
Location
The area is within zone 38S of Universal Transverse Mercator coordinate system. The upper left and lower right coordinates of the study area are 4317252N, 586593E and 4262359N, 630800E, respectively. The total area covered is 1834 km 2 .
Geology Setting
The study area is located in West-Central Alborz and lesser Caucasus province (Figure 1) . Dominant structural trend in this province is NW-SE. From tectonics view, it contains deformed zone (fold and thrust belt) of Cimmerian miniplate that formed in northern active margin until late Triassic. Then it has rifted by tension in a back arc basin of Neotethyian subduction zone in the south margin of Cimmerian miniplate. Development of that rift stopped in the late Cretaceous and then, renewed in the Eocene by spreading in submarine arc basin of Neotethyian subduction zone. In other words, this hinterland is the result of a magmatic arc system spreading in the evolutional back arc basin. After that, West-Central Alborz and lesser Caucasus hinterland has formed by deformation and regional uplift from SW part of Caspian Sea to Black Sea [1] - [3] . Based on previous work on the salt and mud diapirism [4] - [15] and neotectonic regime in Iran [16] - [21] , Zagros in south Iran is the most active zone [22] - [43] . Then, Alborz [44] - [83] and Central Iran [84] - [99] have been situated in the next orders. Lithostratigraphically, the oldest rocks are of upper cretaceous age and consist of flysch type rocks and mafic to intermediate submarine volcanic rocks. They are composed of micritic limestone, sandstone, shale and mudstone. These sedimentary rocks have been folded and the calcareous layers decrease in abundance from west to east. Submarine volcanic activity is characterized by rocks of mafic to intermediate composition (andesite, basaltic andesite and pyroxene andesite) interlayered with the sedimentary sequence. The presence of Nummufallutia sp., Hetrohelicid and Globotruncana sp. in the lower part of this sedimentary unit suggests a Santonian to Maastrichtianage. Rocks of Paleocene age are poorly represented in this region. The presence of red sandstone and microconglomerate layers at the base of this sequence exhibits epeirogenic movements of Laramian phase. Gray sandstone layers with limy interbeds progressively increase up section. The sandstone is overlain by Paleocene submarine andesitic volcanic rocks and felsic tuffs; the Paleocene and upper Cretaceous rocks are unconformably overlain by Eocene strata. These Eocene rocks are 60 m thick with a basal conglomerate layer overlain by sandstone. The presence of Nomolite in these layers [100] indicates a Mi-Eocene age. The emplacement of Oligocene aged intrusive bodies played an important role in this region. The Qara-Dagh batholith is one of the largest intrusions of Oligocene-Miocene age covering an area of 1500 km 2 . Its intrusion into the Upper Cretaceous volcano-sedimentary units resulted in widespread contact metamorphism and alteration. This batholith consists of gabbro, diorite, quartz-diorite to quartz-monzonite, granodiorite, monzogranite and granite porphyry [101] .
Material and Methods

Software
The different types of software used for this research include: ENVI v4.8, and ARCGIS v10.3 were mainly used for processing and analysis of multi-spectral and single bad images. ArcGIS v10.3 was used to georeference, digitize and capture various maps in a database. Images and maps were compared and analyzed in ArcGIS v10.3.
RADAR (ASAR) Data
Radar is an active form of remote sensing that provides its own source of electromagnetic energy to illuminate the terrain. Radar energy is measured in wavelengths of centimeters that penetrate rain and clouds which is an advantage in tropical regions. Another advantage is that radar images may be acquired at a low depression angle that causes pronounced highlights and shadows that enhance subtle topographic features. These features are commonly the expression of faults, fractures, and lithology. Radar images of vegetated regions record the vegetation surface, rather than the underlying terrain. Satellite image of the area is the main data used in this study. Considering spatial resolution of the available satellite images and the size of the study area, ASAR (Advanced Synthetic Aperture Radar), C-Band imagery (ASAR-IMP-IPN UPA), the data acquired on 06 07 2006 is select for this study. Lineament mapping is considered as a very important issue in different disciplines to solve certain problems in the area. For example, in site selection for construction a dams, bridges, roads, etc., for mineral ex-ploration [102] , for hot spring detection and hydrogeological research [103] the nature and the pattern of the lineaments should be known. The classification of lineaments and its direction and length can be easily demarcated using satellite image. Higher resolution images, on the other hands, may composed of three successive steps: i) the first step is the selection of input data for analysis, ii) the second step is lineament extraction by using automated lineament extraction techniques and the comparison with geological map, and iii) the last step is the evaluation of lineament map and includes, direction, length, and orientation analysis.
RADAR (ASAR') imagery was used to i) classify the various geological, ii) discriminate the lithology and structure of this area, and iii) delineate the associated zones of hydrothermal alteration a wide variety of digital images processing technique were applied.
Directional Filters
The automatic lineament extraction in this study is performed by the directional filter of ENVI software. The image enhancement is one of the useful tools to improve the interpretability. One of those enhancements is edge sharpening enhancement technique for enhancing the edges in an image. Directional filters (edge detection filters) are designed to enhanced linear features such as roads, streams, faults, etc. the filters can be designed to enhance features which are oriented in specific directions. Directional filter is applied to the ASAR image in N-S, E-W, NE-SW, and NW-SE directions to increase frequency and contrast in the image. There is not a commonly accepted method to prepare the final lineament map. The filtering operation will sharpen the boundary that exists between adjacent units. The main disadvantage of the filtering methods is that it cannot effectively extract lineaments in low-contrast areas where features extended parallel to the sun directions and in mountain shadows [104] . Different directional filters were applied on ASAR data. The best results were obtained for single band using the following matrix (Figures 2-6 
):
The visual inspection allowed the identification of the lineament in this region. A remotely sensed lineaments map (Figure 7 ) was produced depending on directional filters and edge enhancement. This map presented the lineaments detected and attributed to potential faulting in the present work. There is a general agreement between the macro-scale and the faults previously mapped by geological survey of Iran (Siyahrood 1:100,000 sheet) in Figure 8 . The geological map georeferenced to the UTM zones 38S projection using WGS84 datum.
The orientations of lineaments were created by using rose diagrams ( Figure 9 ) and trends observed in the structural map field features and the lineament map could be recognized in these diagrams, showing strongly major trend in NW-SE.
The accuracy of lineament map is computed by using ArcGIS overlay technique that determines where the lineaments and faults are matched. The output of these operation product three types of lines: 1) Non-matching lineaments: these are the lineaments that do not match to any fault line (shown as black lines in the figure and these lineaments are newest lineaments that identified by ASAR imagery).
2) Non-matching faults lines: these are the fault lines that do not match to any lineament (shown as redlines in the figure).
3) Matching lineaments and fault lines: these are the segments in yellow both lineaments and faults exist. Evaluation of the density and orientation of the lineaments indicated that i) several fault segments are identified in the region which are absent in the fault map due the difficulty in mapping during the field studies, ii) the dominant lineament trend is NW-SE Direction (Figure 7) . This trend of lineaments is overlapped by alteration zones. 
ASTER Data
ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) is an advanced multi-spectral satellite imaging system, which was launched on board of the TERRA spacecraft in December, 1999 by NASA and METI (Japan Ministry of Economic Trade and Industry). It measures reflected radiation in VNIR (0.52 and 0.86 µm), SWIR (11.6 to 2.43 µm), and emitted radiation in TIR wavelength region (8.125 to 11.65 µm) with 3, 6, 5 bands and 15 m, 30 m, 90 m resolution, respectively. The swath-width is 60 km, but ASTER's pointing capability extends the total cross-track viewing capability to 232 km [105] . Since 2000, ASTER has been successfully used for hydrothermal alteration mineral mapping in well-exposed areas.
Based on the spectral properties of typical alteration mineral and geological background, two image processing techniques were selected to identify different alteration minerals, including Band ratio and color composite. Hydrothermal ore deposits are created by the activity of fertile fluids that are rich in metals. Porphyry copper type deposits (Cu ± Au ± Mo), epithermal auriferous vein type deposits (Au-Ag), subepithermlpolymetallic vein type deposits (Zn-Cu-Pb-Ag ± Au), and skarn type deposits (Zn-Pb), are spatial situations from the multiphase porphyry stock [106] .
Remote sensing used in mineral exploration of hydrothermal ore deposits often use the spectral features of the alteration minerals at wavelength of 2.0 to 2.5 µm to find alteration zones and identify alteration minerals. ASTER has five bands in this region and is able to identify not only the presence of alteration zones. Alunite and kaolinite, which are alteration minerals present in advanced argillic alteration, have absorptions at 2.16 µm and 2.2 µm that are created by the aluminum hydroxyl (Al-OH) bond. Sericite, which is a typical alteration mineral in phyllic alteration, has an absorption at 2.2 µm that is also created by the Al-OH bond. Chlorite, epidote and calcite, which are present in propylitic alteration, have an absorption at 2.35 µm that is created by the magnesium hydroxyl (Mg-OH) bond and the carbonic (CO 3 ) bond. These alteration minerals can be identified by ASTER's five spectral bands in wavelength of 2.0 to 2.5 µm, but the potassic alteration that is located at the center of the alteration zoning of the porphyry copper deposit could not be identified from the spectral pattern of the visible near infrared (VNIR) to SWIR because K feldspar and biotite does not have a characteristic absorption in this wavelength region.
Color Composites
The human eye is capable of discriminating about 30 grey levels in the black to white range [107] but much more sensitive color differences to recognize color patterns. Therefore, different false color combinations of ASTER multi-spectral images were used to identify lithologic units, and hydrothermal alteration zones. SWIR false color images created by applying ASTER band 4, 6, and 8 to red (R), green (G), and blue (B) (R:G:B = 4:6:8) are useful for identification of alteration. In this SWIR false color image, advanced argillic alteration (alunite, kaolinite) and phyllic alteration (sericite, smectite) are indicated in red to pink, propylitic alteration (chlorite, epidote) is indicated in pale green and calcareous units are indicated in yellow. Advanced argillic and phyllic alteration both have absorption at band 6, low reflectance at band 8, high reflectance at band 4 and appear as red to pink in the R:G:B = 4:6:8 image. Propylite alteration has absorption at band 8 caused by Mg-OH, broad absorption at band 4 caused by iron in chlorite or epidote, no absorption at band 6 and appear as pale green in the SWIR false color image. Calcite has absorption at band 8 caused by CO 3 , but does not have absorption at band 4 because calcite lacks iron and no absorption at band 6 and appears as yellow in the SWIR false color image (Figure 10) .
VNIR false color and natural color images provide more detailed surface information compared to the 30 m resolution SWIR false color image and are useful as map images for field surveys.
Mafic-to-ulteramafic and granitic units are important targets for mineral exploration because they are potential geological units to host or accompany mineralization. In TIR region, band 10, 11, and 12 contain spectral emissivity and temperature information. Visual interpretation of the ASTER TIR false color images generated by assigning band 14, band 12, and band 10 (R:G:B = 14:12:10) using to identify mafic-to-ulteramafic units and quartz-rich felsic units (Figure 11) .
ASTER band ratio technique has been widely used in geological mapping by different authors [108] [109] . In this study we use these ratios to identify as following:
Alunite and kaolinite are the main alteration minerals present in the advanced argillic alteration. In the SWIR region, alunite and kaolinite both have absorption at ASTER bands 5 and 6. Alunite and kaolinite identification can be enhanced by band ratio of b4/b6 (Figure 12) .
Sericite is the main alteration mineral present in the phyllic alteration. Sericite has a single deep absorption at ASTER band 6. Sericite can be enhanced by band ratio b5/b6 (Figure 13) .
Chlorite and epidote are the main alteration minerals present in the propylitic alteration and have absorption at ASTER band 8. Chlorite, epidote and calcite can be enhanced by band ratio b5/b8 (Figure 14) . Advanced argillic alteration, phyllic alteration, propylitic alteration and calcite can be identified by the color composite image of band ratios by applying advanced argillic alteration to red, phyllic alteration to green and propylitic alteration to blue (R:G:B = 4/6:5/6:5/8) (Figure 15) .
Spectral emissivity features due to the lattice vibration of Si-O in the thermal infrared (TIR) region are useful for identifying silicate rocks and minerals. A difference in thermal properties has been used to identify geological units [110] - [113] and the thermal inertia method has been used to distinguish different rock types [114] - [116] . [117] use ASTER band ratio (b5 + b7)/b6 for mapping the distribution of granitoids and gneisses in Mountain Pass, California (Figure 16 ).
B4/b2 and mineralogic indices proposed by Ninomiya were designed to map the distribution of Fe-Oxide and alteration zones (Figure 17) . [118] used ASTER band ratio (b13/b12) for mapping quartz (Figure 18 ) and b2/b1 for ferric-iron oxide minerals in hydrothermal alteration zone associated with Au-Cu mineralization in the RekoDiq, Pakistan ( Figure  19 ). [119] identified ASTER and band ratio (B2 + B4/B3, B5 + B6/B7, B7 + B9/B8) as a promising tool for mapping the ophiolitic and granitic rocks in the central eastern desert of Egypt. ASTER data has been also used for mapping alteration minerals in different rock types for mineral exploration (Figure 20) .
Color composite ratio images are produced by combining three ratio images in blue, green, and red. According to the Figure 21 band ratios 3/5, 3/1, and 5/7 in red, green, and blue, respectively. The orange and yellow hues delineate the outer and inner areas of altered rocks in a pattern similar to that of the density sliced ratio images. An advantage of the color ratio image is that it combines the distribution patterns of both iron minerals and hydrothermal clays. A disadvantage is that the color patterns are not as distinct as in the individual density-sliced images.
[119] has used band ratio composite of (B2/B1, B4/B9, B3/B2) in RGB respectively for mapping alteration zones. In the Figure 22 showing image of compound band ratio of RGB (B2/B1, B4/B9, B3/B2) that yellow color represents the presence of hydrothermal alteration in this region.
Results and Discussion
The spectral properties of hydrothermally altered rocks provide a basis for mapping the alteration minerals using ASTER VNIR + SWIR + TIR data, and also ASAR data, C-Band imagery, improved the accuracy of analyzing geological structures, lineament identification. Band ratio and color composite were selected for detailed alteration minerals mapping. The two methods have high-level of similarity in the mapping results. As a result, 6 sites were mapped as the high-potential mineralized area (Figure 23) .
Part A: the direction of lineaments in this part is N75 and altered rocks are matched with this trend of lineaments and Sharafabad-Hizejan Epithermal Gold mine has been occurred along of this lineaments and alteration zone. Part D: the main trend of lineaments in this part is N251 and Fe Skarn type mineralization zone of Kamtalore body is situated along this lineaments.
Part E: the direction of lineaments in north part of this area is N-S and in southern part is N242 and As mineralization has been occurred in this part as Dastjerd mine in northern part and Atashkhosro mine.
Part F: dominant trend of lineaments is N262. In this trend Au epithermal and porphyry Cu-Au mineralization have been occurred as Mive rood, and Asterqan mine.
Conclusion
This study presented an investigation into integration satellite Remote Sensing and ArcGIS techniques for detecting lineaments that might be related to faults and mineralization zones. At the first step, an RADAR (ASAR) single-band image has been processed for lineaments identification; at the second step, ASTER multi-spectral images have been applications mainly related to mapping rock types and identified alteration zones; and at the end step, relationship between lineaments and alteration zones has been investigated. Over lapping extracted lineaments (from ASAR imagery) and alteration zones (from ASTER data) show that the NW-SE, N-S, and NE-SW fractures represent potential zones for Au-Cu-Mo-As-Fe exploration. It is concluded that the proposed methods can be used as a powerful tool for ore deposit exploration; ASTER images can be employed for mineral characterization; and ASAR data can be employed for lineaments identification. In conclusion, we have shown that identification of hydrothermal alteration zones over wide area is possible and detailed information on alteration for the purposes of exploration of mineralized zones can be obtained using the proposed ASTER image creation methods.
